Recent experimental results on branching ratios and polarization i n B 0 ! J=K decays including the rst measurements of three independent amplitudes that describe B!J=K decays are reviewed and compared to theoretical preditions. Re- 
Introduction
Much of the interest in B physics is focussed on the potential for observation of CP violation in B decays. The rst constraints on the CKM matrix arising from measurements of CP-violating asymmetries will likely come from measurements of the angle of the CKM unitarity triangle. Measurement of the branching ratios of CP eigenstate decay modes is important for determination of the sensitivity t o CP Such measurements are di cult because of the need to tag the initial avor of the B meson and because the product branching ratios in experimentally observable decay modes are small. The decay B 0 !K 0 S is manifestly CP- even. But because it is a vector-vector decay and contains S-, P-, and D-wave contributions, to use the decay B 0 !K 0 , K 0 !K 0 S 0 for measurement o f CP- violating asymmetries, it is necessary to determine the CP-even and CP-odd fractions. Also, a determination of the polarization fractions for B 0 s !J= decays can aid in determining the di erence between the even and odd eigenstates in B s decays. 1 Finally, phenomenological models 2, 5 predict simultaneously the widths of B!K and B!K and the polarization of B!K decays, and comparison to experimental results can test the validity of the factorization ansatz in these decay modes.
CDF at the Fermilab Tevatron and CLEO II at CESR provide quite complementary environments for B physics. At CDF boosted B mesons created in pp interactions are identi ed with a dimuon trigger. Light-quark backgrounds are rejected by requiring reconstructed B candidates to have decay v ertices displaced from the beam line, and B backgrounds, with fragmentation-energy a refers in general to J= and 2S mesons; K refers to the K 892. Where a particle decay mode is speci ed, the charge-conjugate mode is implied. cuts. CLEO reconstructs B mesons created at threshold in e + e , !4S interactions and uses an open trigger for hadronic events. Non-B backgrounds are rejected by e v ent-shape requirements, while B backgrounds are rejected by requiring the candidate to have an energy consistent with the beam energy.
CDF: Polarization and Branching Ratios
To reconstruct B candidates, CDF rst searches for J=! + , or 2S ! + , candidates in the data sample selected by the dimuon trigger path. The transverse momentum p T of each m uon is required to be greater than 2 GeV=c. The mass of the dimuon candidate is reconstructed subject to the constraint that the two m uons originate from a common decay v ertex. J= or 2S candidates are combined with additional charged-particle tracks or neutral-V candidates, and the B candidate mass is formed subject to the constraints that all tracks or vees come from a common decay point, the mass of a J=, 2S o r K 0 S candidate corresponds to the known value, 6 and the momentum of the B candidate is collinear with the displacement of the decay v ertex from the primary pp interaction vertex. The particle mass associated with each track in the reconstruction is assigned based on the decay-mode hypothesis.
If a K 0 ! K + , candidate satis es either set of mass assignments, the assignment with mass closest to the K pole is chosen, and the mass of a 7 A decay of a pseudoscalar to two v ectors can be described in terms of three complex amplitudes. If the partial width or branching fraction of the mode is used as an overall normalization, the relative contributions of the di erent angular momentum states can be described in terms of an orthogonal basis. In the helicity basis, the three normalized amplitudes H + , H , and H 0 describe the probabilities for the and K to have helicities +1, ,1 or 0 and can be represented by t w o real numbers and two phases. The longitudinal fraction is , L =, = j H 0 j 2 .
F or B candidates within 30MeV=c 2 of the known mass, 6 the polarization is t using a likelihood function that includes the decay distribution, the acceptance determined in Monte Carlo simulations, an unpolarized background distribution, and a signal-to-background ratio determined from the reconstructed mass. The shape of the background polarization distribution is checked in events from the B-mass sidebands. The residual K is required to have a displacement forward of the beamline c 0 and p T 6 GeV=c. The B yield in each decay mode is determined with a binned likelihood t to the candidate mass distribution with a linear background function and a Gaussian line shape. Dividing the yields by the integrated luminosity and e ciency for each c hannel gives B , the product of production cross section and branching ratio. Because the B production cross section is not well determined from external measurements, it is not possible to nd independently absolute branching ratios. However, forming ratios of branching ratios signi cantly reduces systematic uncertainties due to acceptance and due to trigger and tracking e ciencies. These ratios can be combined with the world average branching ratios 6 to construct a weighted average branching ratio in each mode, subject to the assumption that, as a result of isospin symmetry, B + and B 0 mesons are produced in equal numbers. The derived branching ratios and the vector-to-pseudoscalar decay ratio are listed in Table 1 . Using a 110 pb ,1 data sample, CDF has measured branching ratios for B decays including a 2S normalized to similar J= decay modes so that eciency and production uncertainties cancel. Both the 2S ! J= + , and 2S ! + , decay modes have been used. The proper decay length c of the B candidate is required to be greater than 100 m, and the B candidate is required to be well-isolated. Except for the additional mass requirement in the 2S ! J= + , decay, the same cuts are used for J= and a 2Sdecay modes. After weighting by the J= and 2S branching ratios and relative reconstruction and trigger e ciencies, the measured ratios are: improve the J= momentum resolution, the dilepton pair is constrained in a kinematic t to have the J=mass. To limit fake backgrounds the momentum of 0 candidates is required to be greater than 200MeV=c .
Because B mesons are produced near threshold at the 4S resonance, their energy is equal to the beam energy. Therefore, CLEO requires the measured energy of B candidates to be within 3 of the beam energy, and in reconstructing the B-candidate mass, they use the beam energy rather than the mea-sured energy to form the beam-constrained mass: M 2 B = E 2 Beam + p 2 K . The cut on the energy di erence E largely excludes random backgrounds, and the E sidebands provide a measure of such backgrounds. A more serious background source is feed-across" in which a B ! J=K decay can appear as a di erent J=K decay mode if a soft pion is missed and a daughter from the decay of the B in the event is included in the reconstructed B candidate. To reduce feed-across backgrounds, CLEO forms a probability from E, the measured 0 mass, and dE=dx and time-of-ight information for the hadron tracks. Candidate probabilities are required to be at least 1, and if there are two candidates in the same mode, the one with the highest probability i s selected.
The nal signi cant background source is non-resonant B!J=Kdecays. No polarization is observed in B!J=K events above the K peak. The contribution is determined to be 6.4 from extrapolation of a linear t to the K mass distribution above the peak with a systematic uncertainty assigned to be the full value of this component.
The decay amplitudes are determined in an unbinned maximum-likelihood t including contributions from: The e ciency as a funtion of the decay angles used in the t is determined from 120,000 Monte Carlo events per K mode. Figure 3 shows the result of the combined likelihood t. The combined results for the amplitudes and phases are listed in Table 2 . A signi cant relative phase between the amplitudes would indicate nal-state interactions. However, the three amplitudes are consistent with being relatively real, providing no evidence for a breakdown of factorization. In measuring BB!J=K, the events are su ciently clean that the statistical precision can be improved by relaxing the identi cation cuts on one lepton. The events are t in M B only. The measured branching ratios for all four decay modes are listed in Table 1 along with the charge-averaged vector-to-pseudoscalar decay ratio. are not; however, the dilution that would be incurred by treating them as pure in a measurement of sin 2 is predicted 12 to be small. The dominant decay process is the color-allowed b!c cd transition which is Cabbibo suppressed. The branching ratios can thus be predicted from the corresponding Cabbiboallowed D s D decay modes. The predictions are listed in the rst line of Table 3 . In a 3 fb ,1 data sample, CLEO has set limits on the branching ratios in these three decay modes 13 
